Abstract Research Article
It has been proposed that enteral formulas with lower carbohydrate and higher fat content with or without added fiber may prevent and control stress hyperglycemia in comparison with standard formulas. [7] Many studies have been conducted in this area. Some trials were studied in long-term care facilities, rehabilitation, and other outpatient settings [8] [9] [10] and some used oral nutrition support. [10, 11] The results of clinical trials which were conducted in critically ill patients requiring enteral or parenteral nutrition are controversial. [12] [13] [14] [15] Some studies have shown a beneficial effect of high-fat enteral formula on glycemic control, [7, 9, 11, 12, 16] whereas others showed no effect, [15] hence clinical practice guidelines have not made any nutritional recommendation for preventing or control of hyperglycemia yet and offered additional researches. [1] On the other hand, based on studies, olive oil as a key component of Mediterranean diet has a beneficial effect on impaired glucose tolerance and lipid profile. [17, 18] These benefits have been attributed to the components of olive oil such as monounsaturated fatty acids (MUFAs) and polyphenols.
on glycemic control and lipid profile. Therefore, we conducted this study to compare the effect of two types of fat-based enteral formula (olive oil fat-based formula and sunflower oil fat-based formula) with carbohydrate-based enteral formula, primarily on glycemic control and lipid profile and secondarily on the mortality, organ dysfunctions, and the length of stay in ICU in critically ill patients.
MaterIals and Methods
This randomized double-blind controlled trial received the Institutional Review Board approval for human research from the university hospital and was registered at irct.ir (IRCT2015100414901N7).
Study population
Forty-eight adult patients in both sexes, who were hospitalized in 32-bed ICU of a tertiary care university hospital and initiating enteral nutrition within 48 h following the hospital admission from August 2013 to December 2015, were included in this randomized double-blind study. Patients enrolled in other studies that were pregnant or with previous diabetes, hyperglycemia on admission, body mass index ≥30 kg/m 2 , hyperlipidemia, liver failure, nephrotic syndrome, and any contraindication to enteral nutrition were excluded from the study. Patients who were discharged or died before the 5 th day of enteral nutrition administration were also excluded from the study. Participants were randomized by admitting to ICU and separated into three groups to receive high-protein enteral nutrition with different macronutrient compositions for at least 5 days; carbohydrate-based diet (Group A) (protein: 20%, fat: 30%, and carbohydrate: 50%), olive oil fat-based diet (Group B) (protein: 20%, fat: 45%, and carbohydrate: 35%), in which the olive oil included 50% of fat composition and sunflower fat-based diet (Group C) (protein: 20%, fat: 45%, and carbohydrate: 35%). Randomization was performed according to a computer-generated random number table. The period of intervention was 14 days.
Study procedures
During the admission, written informed consent was obtained from the patients or their next of kin (when the patients cannot sign by themselves) after explaining the procedure of the study. Acute Physiology and Chronic Health Evaluation II (APACHE II), demographic information, and medical history were recorded at ICU admission. Planned enteral nutrition was administered after stabilizing the hemodynamic condition of each patient, which was dependent on the patient's clinical condition, and then the physician was allowed to feeding. Infusion of feeding was performed by gravity through intermittent technique, 6 times a day (6 am, 9 am, 12 pm, 3 pm, 6 pm, and 9 pm). The volume of administration was determined based on the calorie needs and tolerance of patients by starting from 50 mL. Through the first 24 h, if the patient could tolerate the feeding without any symptoms such as vomiting and suspected aspiration or gastric residual volume >200 mL, the infusion volume was increased to the goal volume. Gastrointestinal complications including high gastric residual volumes, diarrhea, vomiting, regurgitation, abdominal distension, constipation, and pulmonary aspiration were recorded every day. Gastric residuals were evaluated before each feeding for the first 2 days and then every 12 h for the remaining days.
Daily energy consumption was calculated by 25-30 kcal/kg for each patient based on weight and metabolic condition. Calorie needs were measured, and calorie intake was recorded daily for each individual during the study period. The volume ratio (VR) was calculated to measure the efficacy of daily nutritional administration: VR (%) = (volume administered/ volume prescribed) × 100. Glucose was not used for infusion nor was propofol used for sedation.
Laboratory data
The glycemic profile of each patient was evaluated on a daily basis measuring venous fasting plasma glucose levels (at 6 AM) and the daily average capillary glucose level. Plasma glucose levels were measured by the glucose oxidase method. Patients received intravenous regular insulin, if the blood glucose level was higher than 200 mg/dL. Fasting lipid profiles (triglycerides, total, high-density lipoprotein cholesterol [HDL-C], and low-density lipoprotein cholesterol [LDL-C]) were measured in days 0 and 10 of intervention at 6 am before feeding.
Outcomes
The primary outcome variables were the glycemic control and lipid profile in patients. The secondary outcome variables were the occurrence of organ failure and length of stay mortality in ICU. To evaluate the number of days that patients were in ICU, we calculated the number of ICU-free days, as early mortality could result in skewed data. Occurrence of organ failure was monitored during hospitalization. Mean sequential organ failure assessment (SOFA) score was used to determine the extent of a person's organ function. Each patient was evaluated daily for cardiovascular failure, central nervous system failure, coagulation failure, hepatic failure, and renal failure.
Statistical analysis
Differences between control and study groups were calculated from baseline to the end of intervention. Demographic data, baseline values, and outcome measures were compared with one-way ANOVA. Categorical data between the groups were compared using Chi square test. To compare the changes through the intervention, paired t-test and Wilcoxon test were used. Results were reported as mean ± standard deviation or median (Q 1 − Q 2 ). A P ≤ 0.05 was considered statistically significant.
results

Study population
A total of 116 patients with study's inclusion criteria were accessible between August 2013 and December 2015. At last, 48 were enrolled in the study (16 were randomized to each group). Figure 1 shows the disposition of patients throughout the study.
Of 116 accessible patients that were allocated randomly by ICU admission to three intervention groups, 23 were excluded because of not starting the feeding through 48 h of admission. From patients who were fed enterally, 45 patients could not complete the intervention thereby were excluded (discharged or died before day 5 of intervention) from the study. Finally, 48 patients (16 in each group) were completed the intervention.
The baseline characteristics of the patients are shown in Table 1 . The study participants had a mean age of 58 ± 23 years and 70.8% (n = 34) of them were male. APACHE II scores and patients' reason for admission to ICU were not significantly different between three groups; therefore, the groups were homogeneous. There were no significant differences in age and gender between the three groups. Other characteristics including admission serum albumin, energy needs, blood glucose, and lipid profile were not significantly different between groups.
Assessment of nutritional variables
Participants of the study were on enteral nutrition for at least 5 days. The nutritional data of patients in three groups during the intervention are shown in Table 2 . There were no statically differences about the time of starting nutritional support, days of feeding, and mean energy intakes between the three groups. Gastric complications were also similar. There was no difference in lipid profile of patients on admission between three groups. On day 10 of intervention, serum HDL-C was increased significantly in Group B with no change in other serum lipid variables [ Table 4 ]. Table 5 summarizes the clinical outcomes in study groups. There were no statistically significant differences in the SOFA score between the group of patients receiving the fat-based enteral feeding and those patients who were given the control. The overall in ICU mortality was 31.2% with six deaths in control group, three deaths in Group B, and six deaths in Group C, with no significant difference. Length of ICU-free days was calculated by subtracting the number of ICU days from 14 days or survival time. The number of ICU-free days was significantly more in Group B compared to the control group (0.56 ± 1.21 Group A, 1.50 ± 2.80 Group B, and 1.18 ± 2.50 Group C, P = 0.04).
Glycemic and lipid control
Clinical outcomes
dIscussIon
Glycemic control
The results of this study showed that the use of high-fat low-carbohydrate enteral formula in normoglycemic patients was well tolerated and did not have any effect on carbohydrate metabolism to prevent hyperglycemia compared with a control high-protein diet. Our findings are similar to Wewalka's pilot study which was conducted on sixty medical critically ill hyperglycemic patients with either fat-based or glucose-based enteral nutrition. They found no difference in glucose levels between two groups. [15] In another study which was conducted on 147 traumatic critically ill patients, low-carbohydrate and high-fat (MUFA) enteral formula was more effective for glycemic control in critically ill patients compared with a standard enteral formula. No differences were observed between the two groups with regard to mortality, ICU stay, and gastrointestinal complications. [16] Mesejo et al. enrolled fifty critically ill patients with diabetes mellitus or stress hyperglycemia to receive a high protein, high-fat formula (starch, fructose, MUFA, and soluble fiber), or a high protein formula for 14 days. Patients who received high-fat formula had a significant reduction in plasma glucose levels, capillary glucose levels, and insulin requirements in comparison to patients on a conventional high-protein diet. This better glycemic control does not modify ICU length of stay, infectious complications, mechanical ventilation, and mortality. [12] In Mesejo's study, fiber intake and type of carbohydrate were different between two groups and this difference might affect the results. In Huschak et al. study, 33 severe multiple trauma patients (injury severity score 31.6 ± 11.5) received either a glucose-based diet or a fat-based diet (olive oil). They concluded that patients, who received fat-based diet, had a better glucose control and shorter hospitalization. [14] In Huschak's study, diets were administrated by total parenteral nutrition for 6 days and then transmitted to enteral nutrition. In another study, the effects of long-term feeding with a low carbohydrate content and high fat (MUFAs, fish oil, chromium, and antioxidants) were compared with a standard formula, on glycemic control in 105 tube-fed type II diabetic patients. Better glucose control was seen in patients fed with high-fat diet. [19] This study was not conducted in The studies which have reported better glycemic control with high-fat diet in ICU were conducted on hyperglycemic patients or on patients with severe stress. In contrast to mentioned studies, our study was conducted on normoglycemic patients admitted to ICU to assay the preventive effect of high-fat diet on stress hyperglycemia.
Lipid profile
As in mentioned studies, both high-fat diets did not have any adverse effects on lipid variables. In addition, gastrointestinal complications in both high-fat diets were similar to carbohydrate-based diet. Studies have shown that high-monounsaturated fat diets decrease serum triglyceride and very LDL-C (VLDC-C) and increase serum HDL-C in comparison to high carbohydrate diets. [20, 21] In our study, the administration of a high monounsaturated-fat diet showed a significant increase in HDL-C compared to other groups, but the decrease in serum triglyceride and VLDL-C was not significant. This may be due to the time of serum lipid levels measuring which was done on day 10 of intervention whereas longer time was needed to see changes on serum lipid variables.
Clinical outcomes
In our study, high-fat low-carbohydrate diets did not reduce organ failure involvement and mortality rate but the length of stay in ICU was reduced in high-olive fat group. Shorter duration of hospitalization was seen in critically ill patients with stress hyperglycemia with a low carbohydrate content formula and high MUFAs. [14] Olive oil contains antioxidant and anti-inflammatory components which can reduce inflammation in critically ill patient and shorten the duration of hospitalization. [22] conclusIon Our study showed that high-fat diets did not have any preventive effect on glycemic control of critically ill patients. Furthermore, blood lipids were not changed with high-fat diets except for the rise in HDL-C in the high olive oil fat diet. We did not find any difference in organ failure involvement and mortality rate between the groups, but the duration of hospitalization in ICU was significantly lower in high olive oil fat diet. We might conclude better clinical outcomes in high olive oil fat diet if larger patient samples were studied.
In addition, the change on other lipid parameters might be seen in high olive oil fat diet if enough time had elapsed for measuring these variables. 
